The glossopharyngeal nerve can be divided into three portions: cisternal, jugular foramen, and extracranial.
sue, however, the flocculus and choroid plexus may be distorted or may change their anatomical positions, and the glossopharyngeal nerve is not so easily recognized. Therefore, defining a constant landmark becomes critical. The glossopharyngeal nerve and the vagus and accessory nerve complex are consistently separated by a dural septum that forms two meatus on the intracranial side of the jugular foramen; these have been named the glossopharyngeal meatus and the vagal meatus. 44 The dural septum that separates the glossopharyngeal nerve from the fascicles of the vagus and accessory nerves at the dural entrance of the glossopharyngeal nerve into the jugular foramen is a consistent structure. 49 This is the second landmark of this nerve in the subarachnoid space. 40 
Jugular Foramen Portion
The cochlear aqueduct drains vertically into the entrance porus of the glossopharyngeal nerve (Figs. 2B and 3B). The nerve itself forms a genu inferiorly, approximately 45˚ from where it courses upward from its entrance porus. The nerve then travels through the jugular foramen in a channel leading from the pyramidal fossa below the opening of the cochlear aqueduct. Continuing on the medial side of the intrajugular ridge, this channel sometimes extends medially and surrounds the nerve to form a tunnel. The glossopharyngeal nerve courses through this tunnel on the medial aspect of the jugular bulb. The passage of the glossopharyngeal nerve in the jugular foramen is separated from the vagus and accessory nerves by a bone canal (Fig. 3A) or generally by a thick, fibrous band. 40 The glossopharyngeal nerve encounters the superior and inferior ganglia in its course inside the jugular foramen (Fig.  3B) . The superior glossopharyngeal ganglion is located just below the opening of the cochlear aqueduct within the jugular foramen. The tympanic nerve (nerve of Jacobson) originates from the inferior ganglion and enters the inferior tympanic canaliculus, ascending in the canal on the medial wall of the middle ear, usually on the cochlear promontory (Figs. 3B and 4). 17, 40 The tympanic and superior and inferior caroticotympanic nerves form the tympanic plexus. 57 This plexus supplies the mucous membrane of the tympanic cavity, the mastoid cells, and the auditory tube; parasympathetic fibers also pass through the tympanic plexus via the lesser petrosal nerve to the otic ganglion to supply the parotid gland. 3, 7, 44, 57 A branch from the tympanic plexus goes through an opening in front of the fenestra vestibuli and joins the greater petrosal nerve. 57 The nerve of Arnold is the auricular branch of the superior ganglion of the vagus nerve (Fig. 4) . It reaches the descending canal of the facial nerve through the mastoid canaliculus and supplies the back of the pinna and the external acoustic meatus. 3 The nerve of Arnold also receives branches from the glossopharyngeal nerve, which exits the jugular foramen posteromedial to the styloid process and styloid muscles. The mean length of the jugular portion of the glossopharyngeal nerve is 10 mm. 40 The intrajugular processes of the temporal and occipital bones divide the anterior and posterior edges of the jugular foramen into sigmoid and petrosal parts. 10, 26, 44 Occasionally, a deep groove is present along the medial extension of the intrajugular process of the temporal bone. This groove forms a canal that surrounds the glossopharyngeal nerve as it passes through the jugular foramen. 26, 44 The genu is located at the external opening of the cochlear aqueduct. The bone canal of the glossopharyngeal nerve appears in fewer cases than the fibrous tissue separation. 4, 9, 26, 44, 54 Thus, the course of the glossopharyngeal nerve is separate from that of the vagus and accessory nerve complex inside the jugular foramen.
The glossopharyngeal, vagus, and accessory nerves are well protected in the bone structure of the jugular foramen. Nerve function lost by trauma indicates that the degree of trauma is very severe. 37, 56 If the lesion is a tumor, loss of nerve function indicates the highly invasive nature of the tumor. In addition to trauma, glomus jugulare tumors, chordomas, meningiomas, schwannomas, rhabdomyosarcomas, metastatic tumor invasion, infection, and cholesterol granulomas can also involve the glossopharyngeal nerve at the jugular foramen. 1, 2, 10, 24, 27, 37, 48, 56 Because the glossopharyngeal, vagus, and accessory nerves course together in the jugular foramen, lesions involving this structure generally affect the aforementioned nerves, as well as the hypoglossal nerve. The jugular foramen syndromes are characterized by involvement of these nerves. 32, 45 Glomus jugulare tumors are slow growing but are the most common ones found in the jugular foramen. 1, 10, 23, 45 These tumors originate from the "glomus bodies," which normally occur in the adventitia of the IJV and along nerves of the Jacobson and Arnold. 10, 49 This site of origin of the glomus bodies means that a glomus jugulare tumor generally begins inside the jugular foramen. 45 In advanced cases, these tumors grow in a variety of directions and may cause neurological symptoms, particularly involving the glossopharyngeal, vagus, and accessory nerves. 10, 34, 49 More patients with these tumors exhibited deficits of the ninth through 12th cranial nerves postoperatively than before surgery. 19, 23 The postoperative functional result is directly related to the tumor's size and the preoperative status of the cranial nerves. 23 Schwannomas arising from the glossopharyngeal nerve are relatively uncommon and are included under the heading of jugular foramen schwannomas. 10, 20, 23, 47, 58 The symptoms at presentation depend on the origin of the nerve, but this may not be true in cases of jugular foramen tumors, because the compartment is so small that all cranial nerves may be affected at the same time. 47 Because a schwannoma begins in the subarachnoid space, hearing loss accompanies the signs of lower cranial nerve palsy. Nevertheless, dysphagia or the loss of the gag reflex may be the only sign of a glossopharyngeal nerve neuroma. 20 These Schwann cell-derived tumors usually originate intracranially and extend inferiorly into the jugular foramen. 45 Therefore, pressure erosion is common in patients with jugular foramen schwannomas, but in contrast to glomus jugulare tumors, bone invasion is rare. Because schwannomas are benign, the goal of therapy is total removal. 20, 47, 58 A primary meningioma of the jugular fossa is one of the rarest types of meningiomas. 2, 23 In many respects, jugular foramen meningiomas mimic glomus jugulare tumors and lower cranial nerve neuromas. Clinically, however, their treatment may be even more fraught with difficulties because of their intimate relationship with the lower cranial nerves and the jugular bulb and vein, the involvement of the temporal bone, and their tendency to extend intra-or extracranially. 2 The lack of a fibrous sheath leads to more extensive involvement of the lower cranial nerves. 23 Therefore, sparing the lower cranial nerves is more difficult in patients with meningiomas than in those with glomus jugulare tumors or neuromas. 1, 2, 23, 47 The superior ganglion of the glossopharyngeal nerve is small, has no branches, and is regarded as a detached part of the inferior ganglion. 57 The glossopharyngeal nerve communicates with the sympathetic trunk and the vagus facial nerves. 28, 52, 57 The superior and inferior ganglia of the vagus nerve supply the anastomoses between the lower cranial nerves. The superior vagus ganglion connects to the cranial root of the accessory nerve, the inferior glossopharyngeal ganglion, and the sympathetic trunk by a filament from the superior glossopharyngeal ganglion. 57 The inferior ganglion of the vagus nerve connects to the hypoglossal nerve, the first and second cervical nerves, and the superior cervical sympathetic ganglion. 57 From a surg-
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Glossopharyngeal nerve anatomy ical point of view, these anastomoses may explain a patient's ability to tolerate cranial nerve dysfunction, both acutely and in the long term, even when the glossopharyngeal nerve has been totally removed.
23, 41 Jackson, et al., 23 noted that the sacrifice of one of the lower cranial nerves (ninth-12th) is very well tolerated. In contrast, acute aggregate nerve loss causes considerable short-term morbidity. Enteral feeding tubes may be needed for alimentation in the postoperative setting, but the nerves eventually compensate, and patients are able to eat within weeks. There are three landmarks for the glossopharyngeal nerve at the jugular foramen: the cochlear aqueduct opening, the inferior tympanic canaliculus, and the mastoid canaliculus. 40 The cochlear aqueduct serves as a landmark on the subarachnoid side of the glossopharyngeal nerve in the jugular foramen. 46 This aqueduct can be seen on thinslice, high-resolution computerized tomography scans. 54 An intact cochlear aqueduct indicates that the glossopharyngeal nerve canal at the entrance has been spared. Therefore, an assessment of the condition of the cochlear aqueduct (intact or eroded) can be helpful before performing surgery in the jugular foramen region. Computerized tomography reliably demonstrates osseous erosion by a lesion.
Conversely, high-resolution surface-coil magnetic resonance images seem to be better for demonstrating the ninth through 11th cranial nerves within the jugular foramen and in extracranial tissues without a contrast agent. 9 The inferior tympanic and the mastoid canaliculi are landmarks of the glossopharyngeal nerve near its extracranial portion within the jugular foramen. 26, 40, 44, 53, 54 The inferior tympanic canaliculus is located medial to the styloid process and the stylomastoid foramen (Fig. 3B ). Both the inferior tympanic and mastoid canaliculi are tiny canals; therefore, they are not as good landmarks as the cochlear aqueduct. To know their correct anatomical location requires that the surgeon pay more attention to the exit of the jugular foramen around the extracranial region. Furthermore, the surgeon must understand the origin of the pathological process. 40 The nerve of Jacobson (tympanic nerve) has been involved in cases of schwannoma and glomus tympanicum tumors. 3 The nerve of Arnold courses 1 to 2 mm lateral to the tympanic nerve. Thus, an injury to the nerve of Arnold might be more likely than an injury to the tympanic nerve during exposure of the jugular foramen. If the glossopharyngeal nerve courses through a bone canal, fibers must branch from this nerve and join with a branch of the vagus nerve to compose the Arnold nerve. Nevertheless, its exposure during surgery is very difficult.
Extracranial Portion
The transverse process of the atlas, or C-1, which is eas- ily palpated during the early phase of dissection, is a reliable guide when exposing the extracranial opening of the jugular foramen (Fig. 5) . The accessory nerve crosses the IJV just after it exits the jugular foramen and passes through a space between the transverse process of the C-1 and the styloid process to innervate the SCM muscle (Fig.  5) . The cranial nerves of the jugular foramen are the two main nerve bundles in evidence after the extracranial exit point of the jugular foramen is exposed. The first bundle, at the upper portion and located deeper, belongs to the glossopharyngeal nerve. The second, which is more superficial than the first, belongs to the vagus and accessory nerve complex. The hypoglossal nerve is located lower and deeper than this second bundle (Fig. 6) . All of these nerves are located medial to the IJV as they exit the jugular foramen. 40 The glossopharyngeal nerve is located posteromedial to the styloid process and styloid muscles and medial to the stylomastoid foramen as it exits the jugular foramen (Fig.  5 ). This nerve courses posteriorly to the stylopharyngeus muscle, innervates the muscle, and passes anteriorly to branch at the level of the middle constrictor muscle (Figs. 7 and 8). 17 As it courses along the stylopharyngeus muscle, the glossopharyngeal nerve turns lateral and then anterior to the muscle. The glossopharyngeal nerve again turns to the medial side of the stylopharyngeus muscle and penetrates the pharynx wall just above the level of the middle constrictor muscle. It also branches to the tongue. The mean distance between its exit from the jugular foramen and its distribution in the pharynx mucosa is 75 mm. 40 The vagus nerve courses downward between the ICA and the IJV. The connections between the vagus and glossopharyngeal nerves and between the vagus and hypoglossal nerves may be observed. A tiny branch from the glossopharyngeal nerve may communicate with another division from the vagus nerve and with a branch from sympathetic plexus to compose (the Hering carotid sinus) nerve, which innervates the baroreceptors in the wall of the carotid sinus and the chemoreceptors in the carotid body (Fig. 6) . 40, 55, 57 The accessory nerve may connect with the hypoglossal nerve (Fig. 7) . 40 The hypoglossal nerve passes through its own canal. The extracranial opening of the hypoglossal canal is located inferomedial to the extracranial opening of the jugular foramen (Figs. 2, 4, and 6 ). Although the hypoglossal nerve is located posterior to the ICA as it exits the hypoglossal canal, this nerve passes anterior to the ICA approximately 3 cm above the carotid bifurcation (Fig. 7) . 40 The descending branch of this nerve (upper root of ansa cervicalis) leaves the hypoglossal nerve where it turns round the OA, and descends anterior to or in the sheath of the ICA and CCA. It contains no fibers from the hypoglossal nucleus, but only fibers from C-1, which constitute the upper root of the ansa cervicalis. This nerve connection is a significant landmark to identify the hypoglossal nerve, and the upper root of the ansa cervicalis is called the descending ansa hypoglossi. 6 The hypoglossal nerve is situated medial to the stylohyoid and the posterior belly of the digastric muscle before it angles above the hyoid bone (Fig. 8A) . 40 
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Glossopharyngeal nerve anatomy The styloid diaphragm is a fibrous sheet originating at the styloid process. It contains the styloid group of muscles (the stylohyoid, styloglossus, and stylopharyngeus) and the posterior belly of the digastric muscle and joins the parotid fascia. The styloid diaphragm divides the infratemporal fossa into the prestyloid and retrostyloid spaces. 5 The parotid gland and duct, the facial nerve, the ECA, and the OA are located in the prestyloid space (Fig. 7) . The ICA, the OA, the IJV, and the beginning portions of the four lower cranial nerves are situated in the retrostyloid space (Fig. 7A) . The lower limit of the styloid diaphragm seems to be approximately half way down the posterior belly of the digastric muscle. The hypoglossal nerve crosses under the styloid diaphragm before it angles to approach the base of the tongue (Figs. 8B and 9 ). 40 The stylopharyngeus muscle attaches posterior to the styloid process, the stylohyoid muscle attaches anterolateral to the styloid process, and the styloglossus muscle attaches anteromedial to the styloid process (Figs. 9A and  10) . Although the styloid diaphragm is composed of these three styloid muscles at the proximal portion, the three muscles distribute anteriorly (the styloglossus), laterally (the stylohyoid), and posteriorly (the stylopharyngeus) to form the base of a pyramid at the level of the middle constrictor muscle in the parapharyngeal space (Figs. 8 and  11 ). The styloid process forms the tip of this pyramid. The mean length of the styloid process is 20 mm. 40 The styloglossus muscle forms the anteromedial wall, the stylopharyngeus muscle forms the posteromedial wall, and the stylohyoid muscle forms the lateral wall of this space. Because the styloid process and the styloid muscles form a pyramid, we call this space the styloid pyramid. 40 Because the stylohyoid muscle attaches to the hyoid bone, it forms the lower limit of the lateral border of the styloid pyramid. The middle constrictor muscle separates the glossopharyngeal and the hypoglossal nerves at the base of this pyramid (Figs. 9 and 11) . Although the styloid diaphragm is encapsulated by the styloid muscles on the upper side of the pyramid, the styloid diaphragm ends at the lower portions of these muscles (Fig. 8B) . Thus a pyramid is formed, which contains the glossopharyngeal nerve, the hypoglossal nerve, the middle constrictor muscle, and the facial artery (Figs. 7-9 ). The glossopharyngeal nerve can be found at the base of the styloid pyramid, just superior and medial to the hypoglossal nerve, just above the point at which the hypoglossal nerve angles. Thus, the base of the styloid pyramid, which is formed by the hypoglossal nerve, the middle constrictor muscle, and the glossopharyngeal nerve from a lateral-tomedial direction, serves as a landmark of the glossopharyngeal nerve in the extracranial region. 40 The middle constrictor muscle is located between the hypoglossal and the glossopharyngeal nerves at this level. The glossopharyngeal nerve is located medial to the stylohyoid ligament (Fig. 11) . The complication rate for cranial nerve palsy after carotid endarterectomy ranges from 3 to 35%. 12, 14, 35, 36 Nevertheless the glossopharyngeal nerve courses very deep in the infratemporal fossa and is not usually visualized during this procedure. Such an anatomical property decreases the chance of injury to the glossopharyngeal nerve during carotid surgery, which has been reported to be 0.3 to 0.4%. 12, 14 Although the rate of glossopharyngeal nerve palsy is low, such an injury may threaten a patient's nutritional status because it creates difficulty in swallowing. 12, 17 The hypoglossal and vagus nerves are most frequently injured after carotid endarterectomy because of their close relationship to the ICA. 12, 14, 36 The exit point of the glossopharyngeal nerve from the jugular foramen is located just on the medial side of the styloid process and the stylomastoid foramen. Thus, the base of the styloid process is the first landmark for the extracranial portion of the glossopharyngeal nerve. An elongated styloid process can cause a pain syndrome in the throat known as the Eagle syndrome.
11 This disorder is included as one of the causes of glossopharyngeal neuralgia. 7, 18, 51 Because 4% of the surgical population had a styloid process of abnormal length (30 mm), 7 elongation has not been accepted as a reasonable explanation for Eagle syndrome by some authors. 18, 51 Recently, this disorder was classified as an entrapment syndrome of the glossopharyngeal nerve. 51 The glossopharyngeal nerve passed medial to the stylohyoid ligament at the base of the styloid pyramid. We believe that this proximity may play a role in the appearance of glossopharyngeal neuralgia in patients without an elongated styloid process. Therefore, the stylohyoid ligament may play a role in Eagle's syndrome and that this syndrome may be classified as an entrapment syndrome of the glossopharyngeal nerve (Figs. 5 and 10 ).
Glossopharyngeal nerve anatomy George, et al., 15 described the significance of removing the transverse process of the atlas to expose the lower cranial nerves, the ICA, and the IJV. Their juxtacondylar approach to the jugular foramen eliminated the need for drilling of the petrous bone and began a new era in surgery of the jugular foramen. The IJV rests against the transverse process of the atlas as it descends immediately below the jugular foramen. The glossopharyngeal nerve is located behind the posterior wall of the IJV (Fig. 5) . Only the accessory nerve crosses over the IJV to innervate the SCM muscle at the level of the transverse process of the atlas. Other lower cranial nerves (ninth, 10th, and 12th) are situated on the medial side of the IJV at the level of the transverse process of the atlas (Fig. 5 ). There is a narrow space between the transverse process of the atlas and the styloid process at this level. The IJV is sometimes compressed by the transverse process at the site at which the vein descends across the process. This anatomical relationship was reported as a probable cause of cerebellar hemorrhage after supratentorial craniotomy. 50 The transverse process of the atlas seems to be a significant anatomical structure that must be removed to expose the extracranial part of the glossopharyngeal nerve, other lower cranial nerves, and the IJV. Therefore, this process serves as the second landmark for the extracranial portion of the glossopharyngeal nerve. From the terminal part of the extracranial portion of the glossopharyngeal nerve, at the base of the styloid pyramid, the sensory branches distribute along the pharyngeal wall, and the lingual branch innervates the posterior part of the tongue. The lingual branch of the glossopharyngeal nerve adheres firmly to the tonsillary capsule. 17, 39 This relationship may disturb the patient's sense of taste after a tonsillectomy. Resecting the elongated styloid process through the pharynx may cause a similar complication. Although the glossopharyngeal nerve cannot be seen during the pharyngeal approach, it can be visualized during the submandibular infratemporal approach. The glossopharyngeal nerve can be seen at the base of the styloid pyramid, which is formed by the hypoglossal nerve, the middle constrictor muscle, and the glossopharyngeal nerve from the lateral to medial direction. This pyramid forms the third landmark for the glossopharyngeal nerve in the extracranial region.
CONCLUSIONS
The glossopharyngeal nerve is visualized through the choroid plexus of the lateral recess of the fourth ventricle and the dural entrance porus at the jugular foramen in the subarachnoid space. The opening of the cochlear aqueduct, the mastoid canaliculus, and the inferior tympanic canaliculus serve as landmarks of the glossopharyngeal nerve in the jugular foramen. The transverse process of the atlas, which obstructs the exposure of the lower four cranial nerves, serves as a significant landmark of the glossopharyngeal nerve in the extracranial region. The base of the styloid process and the base of the styloid pyramid are other significant anatomical structures that can be used to locate the glossopharyngeal nerve in the extracranial region.
